Background. Clostridium difficile infection (CDI) has increased in frequency and severity over the past decade. An understanding of the modifiable risk factors for disease severity has considerable clinical applicability.
Clostridium difficile infection (CDI) is the cause of more deaths in the United States than all other intestinal infections combined and is the most frequent cause of diarrhea acquired in a hospital setting [1] . Recent surveys by the Centers for Disease Control and Prevention (CDC) of New Jersey hospitals found that the incidence of C. difficile has increased by nearly 2-fold, from 370 cases/ 100 000 admissions in 2000 to 770 cases/100 000 admissions in 2004 [2, 3] .
The evidence for acid suppression playing a role in acquisition and relapse of CDI is slowly building [4, 5] .
Recent studies have raised concerns about the potential risks of excessive use of acid suppression, particularly proton-pump inhibitors [6] . Acid suppression is of great interest as a modifiable risk factor, because the relatively straightforward intervention of withholding acid suppression could have an impact on the progression of CDI and clinical outcomes. We present the results of a retrospective case review that investigated various potential risk factors, including acid suppression, on the development of complications and/or death in patients with CDI.
METHODS

Study Population
The population consisted of active-duty military personnel, their dependent children and spouses, and military retirees seeking care at the Naval Medical Center San Diego (NMCSD) or the outlying clinics that use NMCSD's laboratory services. NMCSD is a military medical center serving a population of almost half a million eligible patients in San Diego County and referrals from overseas. A case patient was defined as a patient who had clinical findings consistent with CDI (fever, diarrhea, and/or leukocytosis) and a stool specimen positive for the C. difficile toxin from 15 November 2004 through 15 November 2008. This study was approved by the institutional review boards of NMCSD and San Diego State University.
Data Collection Procedures and Data Collected
All cases were identified using a laboratory database query. Patient demographic characteristics and clinical data were collected by examination of the electronic and written inpatient and outpatient medical records. All prior medications recorded referred to the 90 days preceding diagnosis of CDI and were obtained by examination of electronic medical (Armed Forces Health Longitudinal Technology Application) and pharmacy (Pharmacy Data Transfer System) records held at NMCSD.
Statistical Analysis
The study database was created using EpiInfo, version 9.0, developed by the CDC, and analysis was performed using SAS, version 9.1 (SAS Institute). Unless otherwise stated, all tests were performed at a significance level of a 5 0.05.
Frequency distributions were examined for variability and percentage of missing data. Case patients were excluded if they had missing information on medical history and prior medication use or if the date of positive C. difficile toxin assay was missing. Only patients aged $1 year were included in the analysis. Univariable analysis was performed using logistic regression to assess the individual, unadjusted relationship between complications and mortality associated with CDI and each variable. Age was recorded as a continuous variable during data collection and was initially examined as a categorical variable according to the age categories shown in Table 1 , with adults aged 18-64 years as the reference group. Only the older persons category had a significant association with complications or mortality (data not shown); therefore, age was treated as a dichotomous variable. After univariable analyses, a logistic regression model was fitted to assess the adjusted relationship of the variables to CDI-associated mortality with and without other complications (defined as intensive care unit admission, surgery, and megacolon). An a value of 0.15 was used as the cutoff for initial inclusion in the multiple regression models. Final logistic regression models were obtained by removing nonsignificant variables from the expanded model one by one until only significant variables remained. The PROC REG procedure was used to assess potential collinearity by examining tolerance levels. All tolerance levels were .0.10 (no evidence of collinearity). Table 1 shows the basic demographic characteristics, significant medical history, exposure to medications (including antibiotics), and outcome in the 485 patients with CDI in our retrospective cohort. Table 2 shows the results of univariable analysis of association between possible risk factors, demographic characteristics, and complications. Age $80 years, admission for CDI, corticosteroid use .5 mg per day, and acid suppression were significantly associated with complications, including mortality (n 5 47). Associations with mortality alone (n 5 23) were similar, but the association with admission for CDI was not present. b Twenty-five patients (5%) had received both proton-pump inhibitor and histamine-2 receptor antagonist acid suppression in the previous 90 days. c For duration of hospitalization, data were missing for 12 patients.
RESULTS
Patients with acid suppression had nearly 3 times the odds of complication (odds ratio [OR], 2.86; 95% confidence interval [CI], 1.49-5.49; P 5 .002). Corticosteroid use was associated with double the odds of complications (OR, 2.31; 95% CI, 1.17-4.54; P 5 .015). No statistically significant association was found between complications and sex, antibiotic use, hospitalization in the previous year, or history of bowel surgery. Both prescription acid suppression (OR, 5.6; 95% CI, 1.88-16.72; P 5 .002) and age $80 years (OR, 7.91; 95% CI, 3.31-18.89; P , .001) were significantly associated with mortality alone in univariable analysis.
In the multivariable full logistic regression model, the following variables were not significantly associated with complications: sex, prior antibiotic use, prior bowel surgery, and hospitalization in the previous year. As shown in Table 3 , the final reduced model for complications, including mortality, contains only 4 independently significant variables (acid suppression, age $80 years, admission for CDI, and corticosteroid use). The reduced model for mortality alone indicates that the only independently significant associations with death are age $80 years (OR, 5.51; 95% CI, 2.25-13.49; P ,.001) and prescription acid suppression use (OR, 4.74; 95% CI, 1.57-14.36; P 5 .006) ( Table 3) .
DISCUSSION
In this study of patients $1 year of age who received a diagnosis of CDI at the NMCSD from November 2004 through December 2008, 47 patients (10%) had the aforementioned complications. We discovered independent associations between acid suppression, admission for CDI, increased age ($80 years), corticosteroid use, and complications. Acid suppression and age $80 years were independently associated with mortality. The overall case-fatality rate in this series was 5%.
Fulminant CDI often results in the need for surgical intervention within a few days after development of illness and has mortality rates as high as 50% in some populations [7, 8] .
In severe cases of CDI, hypotension, multi-organ failure, peritonitis, toxic megacolon, and/or intestinal perforation may occur [9, 10] . A retrospective survey of C. difficile outcomes in inpatients in 58 acute care hospitals in New Jersey during 2000-2004 showed a mean complication rate of 0.4%, mean crude mortality of 1%, and mean recurrence rate of 1.3%, with rates of complications and mortality increasing significantly during 2000-2004 [3] . All estimates of Tan et al [3] are considerably lower than our study's findings, although relying on survey data from participating hospitals may have led to underidentification of CDI, depending on each hospital's definition method and testing protocols for C. difficile. The CDC's 2008 report on community-acquired C. difficile infection in Connecticut (data collected from all 32 participating Connecticut hospitals) in 2006 also revealed lower rates of complications (7% of community-acquired cases involved intensive care unit admission, megacolon, and surgery or death), compared with the finding of 10% in our study; however, the difference could be explained by the trend of increased severity of cases, which has been documented in several studies [1, 11] .
Several studies specifically address risk factors for severe outcome of CDI [3, 12] . In a case-control study involving patients with C. difficile infection who developed fulminant C. difficile colitis, Greenstein et al [8] found that leukocystosis, recent surgery, inflammatory bowel disease, and history of treatment with intravenous immunoglobulin were independently associated with development of fulminant disease.
The potential association of acid suppression to exacerbation or prolongation of CDI has been explored by many researchers, because of the biological plausibility of failure to inactivate the vegetative form of C. difficile in gastric environments that are less acidic. Unnecessary and off-label use of prescription acid suppressors, particularly proton-pump inhibitors, possibly leading to serious negative health outcomes, such as loss in bone density, pneumonia, and C. difficile infection, is reported in the May 2010 issue of Archives of Internal Medicine [6] .
McFarland et al [13] , in 2007, and Dial et al [14] , in 2005, found a positive association between acid suppression medication use and community-acquired C. difficile infection. In 2007, Peled et al [15] surmised that watery diarrhea present in patients taking proton-pump inhibitors or histamine-2 receptor antagonists could be ascribed to CDI. During the same year, a meta-analysis of 12 studies found a strong positive association between proton-pump inhibitor use and CDI and a weaker, but still significant, association with histamine-2 receptor antagonists [16] .
Although the role of acid-suppressive agents in complications and mortality associated with CDI has not been studied in detail, Hardt et al [17] found an association approaching significance between acid suppression therapy and severe CDI, although their definition of severe CDI was based on shock index status at initial diagnosis rather than an outcome of complications, as in our study. Their definition of severe CDI gave a rate of 22% of inpatients with CDI having severe disease, compared with this study's rate of 18% of inpatients (and 0% of outpatients) developing complications related to CDI. The author's major finding was a correlation between the Charlson comorbidity score and their definition of severe CDI, with severe CDI also being associated with .30-day mortality and longer hospital stays.
Nachnani et al [18] showed that use of proton-pump inhibitors appeared to be an independent risk factor for an increased length of hospital stay among patients with C. difficile infection. Howell et al [4] found a dose-response relationship between acid-suppression therapy and incidence of nosocomial C. difficile infection.
Our results have produced findings in line with those found in previous studies. Fourteen percent of patients who had been receiving acid-suppression therapy and were receiving treatment for CDI had further complications (OR, 2.4), compared with those not receiving acid suppression.
It may be expected that patients who receive a diagnosis of hospital-associated C. difficile should have more severe outcomes; however, the opposite was observed in our study. Admission diagnosis of CDI had the strongest and statistically most significant association in the multivariable model, with .4-fold increased odds of complications (OR, 4.14; 95% CI, 2.17-7.92; P , .001). The association with mortality alone, however, was not significant. Less than half (43%) of the patients with fatal cases were admitted with a primary diagnosis of CDI, although this is a higher proportion than observed by Siemann et al [19] The cause for increased severity in patients with an admission for CDI is not well researched, Barbut et al found that a binary toxin-producing strain of C. difficile was more likely to be community acquired and was associated with longer duration of diarrhea. More research is necessary to provide evidence for the possible mechanisms of increased severity of outcome associated with community-acquired CDI [20] . Although age .65 years is generally considered to be the threshold for increased risk of CDI [10] , no statistically significant association was found between age $65 years and severe outcome of CDI. In this population, persons aged $80 years had significantly higher odds of severe outcome [12, 21] . Although few studies specifically address the course of CDI in older patients, the literature contains reports of increased mortality associated with CDI among patients aged .80 years.
In a recent review of 27 studies spanning 30 years, Karas et al [22] calculated a 5.99% overall 90-day mortality rate, with mortality being highest in the oldest age group (13.5% among persons aged .80 years, compared with our finding of 17.2% among patients aged $80 years); the authors raise the concern that this increased mortality is not only associated with CDI, but also with comorbid conditions common in older persons. The independent association between age and increased mortality found in our analysis might indicate that aging of the immune system, not comorbidities, could be responsible for the increase in mortality associated with CDI among individuals aged $80 years.
Our study has several limitations, most of which are related directly to the retrospective design. Documentation of over-thecounter medications is likely to be incomplete, leading to an underestimate of probiotic and over-the-counter acid suppression use. In addition, data for patients seen or admitted at civilian hospitals were not available using our database. Confirmation of actual use of acid suppression was not possible, because pharmacy records of medications prescribed were used as a surrogate. Finally, the definition of CDI uses an enzymelinked immunosorbent assay for toxin rather than recently commercialized molecular techniques [21] .
In our study of 485 patients aged $1 year who had CDI, admission for CDI (vs developing CDI while in the hospital), age $80 years, and prior use of acid suppression were independently associated with complications, including mortality; mortality alone was associated only with the latter 2 risk factors. In light of our findings and the work of Nachnani et al [4] and Howell et al [18] , discontinuation of acid-suppressive medication should be considered after a diagnosis of CDI is made or is strongly suspected, unless otherwise contraindicated (eg, in patients with active peptic ulcer disease). Additional prospective studies using molecular diagnostics to confirm CDI (now the standard at most facilities) should be undertaken to confirm this finding with use of the most stringent methods [21] .
Notes
